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[57] ABSTRACT 

Vertical lift in an aircraft is produced by driving a column of 
air downwardly, through an annular thrust-?ow channel 
which is formed in the body (fuselage) of the aircraft. The 
aircraft also has an aerodynamic shape which is capable of 
developing lift responsive to forward ?ight. The annular 
thrust-?ow channel is provided with a ?ow control mecha 
nism which is capable of directing the developed air ?ow in 
varying orientations between a substantially vertical (axial) 
orientation for developing stationary, vertical lift (i.e., 
hovering) and a vectored (angled) orientation for developing 
a vertical component for producing lift and a horizontal 
component for producing forward (or rearward) ?ight, or 
?ight to either side. 
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AIRCRAFT CAPABLE OF HOVERING AND 
CONVENTIONAL FLIGHT 

BACKGROUND OF THE INVENTION 

The present invention generally relates to an aircraft 
having the hovering characteristics of a helicopter, yet Which 
is equally capable of conventional forWard ?ight. The air 
craft is capable of providing such operation While also 
providing enhanced maneuverability, controllability, perfor 
mance and efficiency. 

As is Well knoWn, conventional helicopters include a rotor 
assembly Which operates to develop lift by driving a column 
of air doWnWardly, through a de?ned rotor plane. Propulsion 
is achieved by tilting the shaft of the rotor assembly in the 
desired direction. Moments for maneuvering are produced 
by tilting the rotor plane relative to the shaft. To prevent the 
helicopter from spinning or precessing about its main rotor 
axis, a tail rotor assembly is generally provided. Alternatives 
for preventing such spinning or precessing include the use of 
tandem rotors, side-by-side rotors and coaxial counter 
rotating rotors. 

In practice, the air ?oW developed through the rotor plane 
tends to be fairly turbulent, particularly immediately beloW 
the rotor plane. This tends to complicate control of the 
aircraft, contributing to sluggish controllability Which places 
relatively heavy mechanical and dynamic loads on the rotor 
mechanism, particularly the rotor head, rotor shaft and 
sWash plate system. As a result, a ?ne control of helicopter 
?ight is not easily achieved. Moreover, maximum velocities 
in forWard ?ight are usually kept modest due to the intrinsic 
limitations of helicopter propulsion. 

It has therefore remained desirable to develop an aircraft 
having the ability to hover, yet Which is not subject to the 
aerodynamic limitations presented by the rotor assembly of 
conventional helicopter designs. 

SUMMARY OF THE INVENTION 

It is therefore the primary object of the present invention 
to provide an aircraft Which is equally capable of sustained 
hovering ?ight as Well as full forWard ?ight. 

It is also the object of the present invention to provide an 
aircraft Which is capable of sustained hovering and full 
forWard ?ight, and Which further exhibits enhanced 
maneuverability, controllability, performance and ef?ciency. 

It is also the object of the present invention to provide an 
aircraft Which is capable of sustained hovering and full 
forWard ?ight, and Which is capable of carrying a useful 
load. 

It is also the object of the present invention to provide an 
aircraft Which is capable of sustained hovering and full 
forWard ?ight, and Which is serviceable and cost ef?cient. 

These and other objects Which Will become apparent are 
achieved through the recognition of novel principles per 
taining to the geometry and the basic mechanisms used to 
achieve hovering ?ight. In particular, this pertains to the 
manner in Which the aircraft achieves vertical lift. To this 
end, the aircraft of the present invention employs an annular 
thrust-?oW channel to achieve lift, as distinguished from the 
rotary Wing theories Which are used to operate conventional 
helicopters and the like. 

In accordance With the present invention, vertical lift is 
achieved by driving a column of air doWnWardly, through an 
annular thrust-?oW channel Which is formed in the body 
(fuselage) of the aircraft. The aircraft is further provided 
With an aerodynamic shape Which is capable of developing 
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2 
lift responsive to forWard ?ight (i.e., a “lift body”). The 
annular thrust-?oW channel is provided With a ?oW control 
mechanism Which is capable of directing the developed air 
?oW in varying orientations betWeen a substantially vertical 
(axial) orientation for developing stationary, vertical lift 
(i.e., hovering) and a vectored (angled) orientation for 
developing a vertical component for producing lift and a 
horiZontal component for producing forWard (or possibly 
rearWard) ?ight, or ?ight to either side. 

For a further discussion of the improvements of the 
present invention, reference is made to the detailed descrip 
tion Which is provided beloW, taken in conjunction With the 
folloWing illustrations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevational vieW of an example of an 
aircraft produced in accordance With the present invention. 

FIG. 2 is a top plan vieW of the aircraft of FIG. 1. 
FIG. 3 is a perspective vieW of a section of the aircraft of 

FIG. 2, taken along the line 3—3. 
FIG. 4A is a partial, sectional vieW of the annular thrust 

?oW channel shoWn in FIG. 3, illustrating the interface 
betWeen the annular casing of the fuselage and the blades. 

FIG. 4B is a partial, sectional vieW of the annular thrust 
?oW channel shoWn in FIG. 3, illustrating the interface 
betWeen the blades and the central compartment. 

FIG. 5 is an enlarged sectional vieW of one of the 
blade/drive interfaces of the rotor system. 

FIG. 6A is a cross-sectional vieW of the upper louver 
assembly of the annular thrust-?oW channel, in an opened 
position. 

FIG. 6B is a cross-sectional vieW of the upper louver 
assembly in a closed position. 

FIG. 6C is a partial, top plan vieW of the upper louver 
assembly in the closed position. 

FIG. 7A is a cross-sectional vieW of the loWer louver 
assembly of the annular thrust-?oW channel, in an opened 
position. 

FIG. 7B is a bottom plan vieW of the loWer louver 
assembly in a closed position. 

FIG. 8 is a side elevational vieW of a ?rst alternative 
embodiment aircraft produced in accordance With the 
present invention. 

FIG. 9 is a partial, rear elevational vieW of the aircraft of 
FIG. 8. 

FIG. 10 is a partial, top plan vieW of the aircraft of FIG. 
8. 

FIG. 11 is a partially sectioned, side elevational vieW of 
a second alternative embodiment aircraft produced in accor 
dance With the present invention. 

FIG. 12 is an isometric vieW of a third alternative embodi 
ment aircraft produced in accordance With the present inven 
tion. 

FIG. 13 is a schematic representation of a fourth alterna 
tive embodiment aircraft produced in accordance With the 
present invention. 

FIG. 14 is an isometric vieW of a ?fth alternative embodi 
ment aircraft produced in accordance With the present inven 
tion. 

FIG. 15 is a partial, top plan vieW illustrating an alterna 
tive placement for the poWer plant used With the aircraft. 

FIGS. 16A and 16B are schematic representations of a 
?rst alternative embodiment rotor system for use With the 
aircraft of the present invention. 
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FIGS. 17A and 17B are schematic representations of a 
second alternative embodiment rotor system for use With the 
aircraft of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIGS. 1 and 2 shoW an example of an aircraft 1 Which is 
produced in accordance With the present invention. The 
aircraft 1, Which is more or less circular in shape as vieWed 
from the top, and Which is generally spheroidal in overall 
geometry and topology, is presented primarily for purposes 
of illustration. It should be understood that any of a number 
of different aircraft con?gurations may be developed Which 
incorporate the improvements of the present invention, some 
of Which Will be discussed more fully beloW. Irrespective of 
the overall con?guration selected for use in accordance With 
the present invention, the aircraft (i.e., the aircraft 1) is 
generally comprised of the folloWing operative components. 

The aircraft 1 includes a fuselage 2 Which provides 
interior space 3 for carrying a payload (including cargo 
and/or passengers) and Which is de?ned by an exterior 
covering 4 for developing an aerodynamic shape of desired 
con?guration. As is preferred in accordance With the present 
invention, the con?guration selected for the exterior cover 
ing 4 of the aircraft 1 of FIGS. 1 and 2 operates to provide 
the aircraft 1 With “lift” responsive to forWard movement of 
the aircraft (i.e., responsive to “thrust”), the development of 
Which Will be discussed more fully beloW. Such “lift bodies” 
are themselves knoWn in the industry, and eliminate the need 
for the aircraft 1 to employ Wings for purposes of developing 
the appropriate lift (although the aircraft of the present 
invention can also be provided With Wing structures if 
desired for a particular application). 

The fuselage 2 has a forWard end 5 Which includes a cabin 
6 for housing a pilot/creW and the instrumentation Which is 
conventionally provided for operating an aircraft. The cabin 
6 is provided in portions of the forWard end 5 (front, upper 
or loWer sections) Which are selected to ensure proper 
visibility for the application for Which the aircraft has been 
developed (e.g., forWard ?ight including cargo/passenger 
applications, hovering ?ight including lifting, search and 
rescue, etc.). 

The fuselage 2 also has a rearWard end 7 Which includes 
a tail section 8 for use in establishing control of the aircraft. 
Such control conventionally includes the maintenance of 
forWard ?ight (anti-spinning) and steering of the aircraft. A 
rudder 9 is conventionally provided for such purposes. The 
fuselage 2 can also be provided With an elevator and 
ailerons, for purposes of directing the aircraft upWardly or 
doWnWardly and for tilting the aircraft, as is conventional. 
HoWever, as Will become apparent from the description 
Which folloWs, such structural elements are not required in 
accordance With the present invention since operative ele 
ments of the aircraft 1 can substitute for such control 
elements. 

Central portions of the fuselage 2 incorporate structure for 
developing an annular thrust-?oW channel 10. The annular 
thrust-?oW channel 10 operates to divide the aircraft 1 into 
tWo main structures including a central payload compart 
ment 11 and a peripheral payload compartment 12. The 
central payload compartment 11 and the peripheral payload 
compartment 12 are connected to each other, and are main 
tained in a spaced relation to each other, by a series of radial 
beams 13. The radial beams 13 operate to complete the 
resulting structure and de?ne the annular thrust-?oW channel 
10. 
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4 
As is best illustrated in FIG. 3 (shoWing a midplane 

cross-section corresponding to the plane subtended by the 
roll axis and the yaW axis of the aircraft), the central payload 
compartment 11 is generally cylindrical in structure, having 
a height Which is on the order of from one-half to the same 
order of magnitude as its diameter. The central payload 
compartment 11 serves to accommodate a poWer plant 14 
(i.e., engines) in its bottom part 15 and to carry a desired 
payload in its upper part 16. 

The peripheral payload compartment 12 is more or less 
toroidal in shape, and surrounds the cylindrical central 
payload compartment 11. As previously indicated, the 
peripheral payload compartment 12 serves to accommodate 
the ?ight cabin 6 at the forWard end 6, and the tail section 
8 at the rear end 7. The peripheral payload compartment 12 
further de?nes the interior space 3, as previously described, 
Which can serve to receive an additional payload, passengers 
and/or special (optional) systems and devices, as is desired. 
The central payload compartment 11 and the peripheral 
payload compartment 12 are preferably co-planar 
(horiZontally), and share a common vertical axis Which 
coincides With the principal axis of the aircraft 1, as Will be 
discussed more fully beloW. 

Loads must be distributed in both the central payload 
compartment 11 and the peripheral payload compartment 12 
in such a Way that the center of gravity of the loaded aircraft 
1 Will be caused to lie more or less on the principal (vertical) 
axis of symmetry, toWard the bottom of the aircraft 1. For 
this reason, the poWer plant 14, Which is one of the heavier 
components of the aircraft 1, is preferably located in the 
bottom part 15 of the central payload compartment 11 to 
help keep the center of gravity of the aircraft 1 close to its 
yaW (or principal) axis. 
The mean outer diameter of the central payload compart 

ment 11 is less than the mean inner diameter of the annular 
casing 17 of the peripheral payload compartment 12 Which 
surrounds it, leaving a ring-shaped space 18 betWeen the tWo 
structures. The ring-shaped space 18 constitutes the annular 
thrust-?oW channel 10 previously referred to, Which serves 
to develop the air ?oW Which Will produce lift for the aircraft 
1. The Walls of the resulting aerodynamic channel combine 
to de?ne a space for receiving a rotor system 20 capable of 
producing this air ?oW, as Will be discussed more fully 
beloW. 

The annular thrust-?oW channel 10 has a central axis 21 
(main symmetry) Which coincides With the central axis 22 
(main symmetry) of the aircraft 1. This Will hereafter be 
referred to as the “principal axis of symmetry” of the aircraft 
1. This axis further coincides With the yaW axis of the 
aircraft 1. In practice, the center of gravity of the aircraft 1 
must Lie on, or close to the principal axis of symmetry. In 
the discussion Which folloWs, and for purposes of descrip 
tion only, it shall be assumed that these axes, including the 
yaW axis, are each vertically oriented. 
The central axis of symmetry 22 of the cylindrical struc 

ture forming the overall aircraft 1, Which is perpendicular to 
the plane de?ned by the fuselage 2, coincides With the 
principal axis of symmetry of the aircraft 1. Acolumn of air 
is caused to be directed through the annular thrust-?oW 
channel 10, along this principal axis of symmetry, to provide 
lift for the aircraft 1. 

In accordance With the present invention, this column of 
air is impelled along the principal axis of symmetry through 
the action of a system of counter-rotating, paired blade 
Wheel systems Which are caused to rotate Within the annular 
thrust-?oW channel 10. This system of counter-rotating 
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blade Wheels is driven by the power plant 14 provided in the 
central payload compartment 11 (comprised of one or more 
turbo-engines of suf?cient poWer) through a system of shafts 
and gears, Which Will be further described beloW. 

ForWard ?ight is initially obtained by de?ecting the air 
column discharged from the annular thrust-?oW channel 10 
in the appropriate direction. In this Way, the column of air 
discharged from the annular thrust-?oW channel 10 can be 
used to operate the aircraft 1 in desired modes from station 
ary hovering to forWard ?ight. When the forWard speed 
attained by the aircraft 1 in forWard ?ight achieves a 
threshold value, Which Will depend on the speci?c aerody 
namic design of the fuselage 2 of the aircraft 1, the lifting 
action provided by the rotor system 20 is no longer 
necessary, and further rotation of the counter-rotating, paired 
blade Wheel systems can be discontinued if desired. In such 
case, forWard thrust for the aircraft 1 is provided entirely by 
its turbo-engines, and in this mode the aircraft 1 performs 
much like a conventional aircraft (i.e., a ?ying Wing), 
responsive to lifting forces Which are produced 
aerodynamically, by the airfoil shape of the fuselage 2. 

Thus, the lifting system of the present invention operates 
much like a multistage, aXial bloWer or fan having a rela 
tively large volume and a relatively loW compression ratio, 
and not on the basis of conventional rotary Wing theory, as 
WithknoWn hovering aircraft (helicopters). HoWever, for 
convenience in the calculation of performance, conventional 
rotary Wing theory can be used to provide rough approXi 
mations for the thrust, poWer, loading, and other capabilities 
of the aircraft 1 of the present invention. In all modes of 
operation, the air ?oW developed through and around the 
annular thrust-?oW channel 10 and the fuselage 2 is 
optimiZed, especially for hovering and forWard ?ight. 

The area (annular) along the cross-section of the annular 
(aerodynamic) channel 18 is preferably larger at its upper 
end and smaller at its loWer end (i.e., doWnWash). This is 
done to increase the speed of the air ?oWing through the 
channel 18 responsive to operations of the rotor system 20, 
While achieving ?oW conditions Which are more or less 
constant in pressure. To this end, the rotor system 20 is 
located in the annular aerodynamic channel 18 so that air is 
forced to ?oW through the channel 18, While increasing the 
air velocity in such a Way that the resulting changes in 
momentum of the air mass can provide the necessary lift (or 
upWard thrust) for the aircraft 1. While hovering, the result 
ing air ?oW is roughly perpendicular to the plane of the 
assembly formed by the fuselage 2 and the central payload 
compartment 11, and accordingly, roughly parallel to the 
yaW aXis (or the principal aXis of symmetry). 
As previously indicated, the central payload compartment 

11 and the peripheral payload compartment 12 are joined 
together by a system of radial beams 13. In order to avoid 
unnecessary turbulence, and thereby reduce aerodynamic 
friction to a minimum, the radial beams 13 are preferably 
provided With an airfoil-shaped cross-section so that the air 
?oW through the ring-shaped space 18 is kept uniform (i.e., 
laminar). 

The cross-section of the aircraft 1 parallel to the mid 
plane formed by the roll aXis and the yaW aXis Will have 
airfoil shapes of varying chord, aspect ratio, camber, etc., to 
meet the design requirements for a particular application. 
The side Walls establishing the ring-shaped space 18 can 
have a con?guration Which varies from straight shapes of 
varying slope to curved shapes of varying curvature, devel 
oping a narroWing venturi of an appropriate compression 
ratio. A ratio on the order of 2:1 is shoWn in the illustrative 
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embodiment of FIG. 4B. HoWever, it is eXpected that other 
ratios Will be found to be useful for this and other applica 
tions of the improvements of the present invention. As an 
eXample, ratios on the order 3:1 to 4:1 may be preferable for 
some higher speed applications. 
The eXterior shape of the aircraft 1 Will generally depend 

on the purpose the aircraft is to serve. In particular, the 
geometry of the aircraft Will depend on basic requirements 
such as siZe, payload, range, maneuverability, robustness, 
reliability, maXimum ?ight speed, eXpected maXimum 
accelerations, etc. For eXample, the aircraft shoWn in FIGS. 
1 and 2 is intended for general purpose use (transport/cargo). 
The aircraft shoWn in FIGS. 8 to 10 is intended for uses 
calling for higher speeds, accelerations and aerodynamic 
loading (e.g., a ?ghter plane). 

FIGS. 4A and 4B shoW the operative elements of the rotor 
system 20 in greater detail. As previously mentioned, con 
ventional helicopter designs obtain upWard lift by driving a 
column of air doWnWardly through a rotor plane. HoWever, 
it is also Well knoWn that in conventional helicopter designs, 
loading on the rotor blades increases from the rotor shaft 
toWard the tip. As a result, only the outermost portions of a 
conventional rotor blade are responsible for the major por 
tion of the amount of lift Which is developed. In accordance 
With the present invention, this phenomenon is advanta 
geously employed by using only the outermost portions of a 
rotor blade (primarily, the outermost one-half, and typically, 
no more than the outermost one-third or one-quarter of the 
blade) for purposes of developing lift. It is then only 
necessary to rotate these peripheral blade portions Within the 
annular thrust-?oW channel 10, leading to a signi?cant 
improvement in ef?ciency. 

To this end, upWard thrust is produced by driving a 
column of air doWnWardly through the annular thrust-?oW 
channel 10 using a rotor system 20 Which is comprised of an 
even number of counter-rotating blade Wheels 25, 26, Which 
act as impellers for moving the air mass through the ring 
shaped space 18. While one rotor system 20 including a 
single pair of counter-rotating blade Wheels 25, 26 may be 
suf?cient to meet certain light-duty applications, most appli 
cations Will bene?t from the use of plural rotor systems 20, 
20‘, . . . , 20”, each of Which includes a pair of counter 

rotating blade Wheels 25, 26. In each case, any tWo con 
secutive counter-rotating blade Wheels are separated by a 
stationary vane Wheel 27. The stationary vane Wheels 27 
also operate to radially join the central payload compartment 
11 and the peripheral payload compartment 12, contributing 
to the rigidity of the assembled structure, in addition to 
contributing to maintaining the air ?oW through the annular 
thrust-?oW channel 10 as smooth as possible. 

Each of the Wheels 25, 26, 27 (rotary or stationary) 
includes a series of blades 28 or vanes 29 (depending upon 
type) mounted on an annular rim 30 Which de?nes a holloW 
region having approximately the same mean diameter as the 
outer diameter of the central payload compartment 11 (in 
this Way completing the peripheral shape of the central 
payload compartment 11). This assists in providing uniform 
sides (in the central payload compartment 11 and the annular 
casing 17), for de?ning a uniform annular thrust-?oW chan 
nel 10. The counter-rotating blade Wheels 25, 26 rotate 
Within the ring-shaped space 18 formed betWeen the central 
payload compartment 11 and the annular casing 17 to 
develop an axial, doWnWard air ?oW for producing an 
upWard lift (much the same as a multistage, aXial bloWer, fan 
or compressor having a relatively large volume and a 
relatively loW compression ratio). 

For improved control of the air ?oW Which is developed 
through the annular thrust-?oW channel 10, both the blades 
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28 of the counter-rotating blade Wheels 25, 26 and the vanes 
29 of the stationary vane Wheels 27 are preferably made 
adjustable in pitch using an appropriate control mechanism. 
One such control mechanism 35 is best shoWn With refer 
ence to FIG. 5 of the drawings. The control mechanism 35 
includes a servo-motor 36 mounted to the inner Wall 34 of 
each blade Wheel 25, 26, or vane Wheel 27. The servo-motor 
36 is coupled With a shaft 37 for altering the angle of the 
blade or vane associated With the shaft 37. The servo-motor 
36 and the shaft 37 are preferably coupled by a system of 
reducing gears 38, 39 for assisting in rotating the shaft 37 
through a desired and controlled angle, in turn controlling 
the pitch of the associated blade or vane. This provides for 
full and accurate control of the air ?oW through the annular 
thrust-?oW channel 10, Which is not possible for conven 
tional helicopter designs. 

The height of the blades/vanes associated With the annular 
Wheels 25, 26, 27 preferably decreases from the top of the 
annular thrust-?oW channel 10 to its bottom, in proportion to 
the geometry of the channel 10 (i.e., the narroWing of the 
ring-shaped space 18). Each of the correspondingly paired, 
counter-rotating blade Wheels 25, 26 are con?gured so that 
their inertial and dynamic moments cancel each other, in this 
Way preventing undesired spinning or precession of the 
aircraft 1 responsive to operation of the rotor system 20. 
As previously indicated, the blade Wheels 25, 26 and the 

vane Wheels 27 are co-aXial With the main aXis of the annular 
thrust-?oW channel 10, and accordingly, With the principal 
aXis of the aircraft 1. To this end, each of the Wheels 25, 26, 
27 is preferably formed as a holloW rim 30 having a 
cross-section Which is best shoWn in FIG. 5. The annular rim 
30 of each Wheel 25, 26, 27 is coaXial With the main aXis of 
the central payload compartment 11. 
As is best shoWn in FIG. 4B, the con?guration of the 

innermost portions 41 of the several rims 30 is substantially 
constant, progressing along the annular thrust-?oW channel 
10, While the con?guration of the outermost portions 42 of 
the several rims 30 (especially the slope of the peripheral 
face 43 of each rim 30) varies along the annular thrust-?oW 
channel 10. The outermost portions 42 of the series of rims 
30 are varied in con?guration (slope and Width) in order to 
provide the annular thrust-?oW channel 10 With an inside 
face Which is substantially smooth and uniform, for pur 
poses of optimiZing air ?oW through the channel 10, and to 
properly mate the rims 30 With the cooperating structures of 
the central payload compartment 11 Which Will be described 
more fully beloW. 

Each of the blade Wheels 25, 26 is supported in position 
by a series of paired bearing Wheels 44. The bearing Wheels 
44 are oriented on an aXis Which is substantially parallel to 
the principal aXis of the central payload compartment 11, 
and are preferably distributed uniformly (symmetrically) 
about the periphery of the central payload compartment 11, 
for snugly engaging the inner portions of each blade Wheel 
25, 26, and for supporting each of the blade Wheels 25, 26 
in proper position. In this Way, the bearing Wheels 44 serve 
as load bearing Wheels for receiving the blade Wheels 25, 26, 
While alloWing the blade Wheels 25, 26 to freely rotate about 
the central aXis of the central payload compartment 11. 

To this end, the bearing Wheels 44 have a beveled face 45 
Which is formed at a slope matched to the innermost portions 
41 of the rims 30 engaged by the bearing Wheels 44. The 
beveled faces 45 of the bearing Wheels 44 are caused to press 
tightly against the innermost portions 41 of the rims 30, 
serving to support the series of rims 30 in their desired 
position. The beveled faces 45 of the paired bearing Wheels 
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44 cooperate With the innermost portions 41 of the blade 
Wheels 25, 26 to prevent the blade Wheels 25, 26 from 
moving either axially or radially, While at the same time 
alloWing for their free rotation about the central aXis of the 
central payload compartment 11. In this Way, the blade 
Wheels 25, 26 are permitted to rotate precisely in their 
desired position. 
The paired bearing Wheels 44 are received upon a series 

of drive shafts 46, Which are in turn received Within a 
support structure 47. The drive shafts 46 are preferably 
received Within the support structure 47 by plural bearings 
48, for optimiZing the structural integrity of the resulting 
assembly (particularly for the drive shafts 46 of greater 
length). The resulting assembly also assists in ensuring good 
electrical contact betWeen the several elements of the sup 
port system, Which is particularly important for establishing 
control of these various elements (e.g., for blade pitch 
control), as folloWs. 
The bearing Wheels 44 are preferably made of a light, but 

strong and electrically conductive alloy material. The upper 
and the loWer bearing Wheels 44 of each blade Wheel pair are 
preferably kept electrically isolated from each other and, by 
conventional means, are respectively connected to an appro 
priate control-voltage source for use in regulating blade 
pitch. To this end, a conductor ring 49 is embedded in the 
beveled face 45 of the upper and the loWer blade Wheels 44 
so that the conductor rings 49 are maintained in electrical 
contact With the engaged rim 30. These (paired) conductor 
rings 49 are then used for purposes of electrically commu 
nicating With the corresponding servo-motor 36 associated 
With each of the rims 30. Each of the servo-motors 36 can 
then operate, through the paired gears 38, 39, to rotate the 
shaft 37 Which receives the blade 28 associated With a 
particular blade Wheel. Controlled rotation of the several 
shafts 37, responsive to operations of the servo-motors 36, 
permits adjustment of the pitch of the series of blades 28 
associated With the blade Wheels 25, 26. 

It is anticipated that the blade Wheels 25, 26 Will operate 
at rotational speeds on the order of 24,000 rpm. (i.e., 400 
rotations per second), Which is on the same order of mag 
nitude as the rotational speeds produced With current aircraft 
turbines. Since the mean linear speed of the blades 28 
associated With the rotating blade Wheels 25, 26 Will in many 
cases be only slightly (a feW percent) beloW the speed of 
sound (i.e., 300 meters per second), the diameter of the 
bearing Wheels (the rims 30) should be kept to approxi 
mately 0.24 meters. In this Way, the mechanical speeds and 
loads Which are developed can be kept Well Within the range 
of What can reasonably be achieved With current, conven 
tional technology. 

Each of the vane Wheels 27 is supported in its desired 
position through a direct connection betWeen the rim 30 of 
the vane Wheel 27 and ?Xed portions of the support structure 
47. The vane Wheels 27 are each oriented on an aXis Which 
coincides With the central aXis of the blade Wheels 25, 26, 
and Which is substantially parallel With the principal aXis of 
the central payload compartment 11. A servo-motor 36 is 
associated With each of the rims 30 of the stationary vane 
Wheels 27 so that the servo-motors 36 can operate, through 
the paired gears 38, 39, to rotate the shafts 37 Which receive 
the vanes 29 associated With the vane Wheels 27. In this Way, 
controlled rotation of the several shafts 37, responsive to 
operations of the servo-motors 36, permits adjustment of the 
pitch of the several vanes 29 associated With the vane Wheels 
27. In operation, controlled rotations of the vanes 29 asso 
ciated With the vane Wheels 27 Will be appropriately 
matched With controlled rotations of the blades 28 associ 














